by distinctly large specimens is conspicuous. Frequent occurrences of "eight-armed specimens"
that have lost both tentacles are discussed with special reference to copulation as a primary factor responsible for this unusual phenomenon. Its possible significance is also considered .
The common gonatid squid Berryteuthis magis ter (sensu lato)(Oegopsida:
Gonatidae) is a d ominant cephalopod in the boreal North Pacific and marginal seas including the Sea of Japan. In the Sea of Japan, biological studies of this squid have been made chiefly for coastal popula tions in southestern waters, probably restricted to depths of less than 665m.1-3) On the other hand, a deep-sea trawl survey conducted by the R/V Kaiyo-Maru in off-shore banks revealed its common occurrences over a wide depth range from 225 to 1,225m4) and active reproduction at depths exceeding 1,000m.5) This paper describes some biological char acteristics of the off-shore populations of this squid with special reference to a peculiar phenom enon whereby mature squids frequently lose both tentacles.
Materials and Methods
Specimens under study came primarily from the collection by the R/V Kaiyo-Maru cruise conducted in the Sea of Japan during May-June 1970.4) Since B. magister have a rather weak musculature that often causes heavy damage to the body when they are collected, only specimens in good condition were subjected to the present study. Locations for the used specimens were restricted to the Yamato Rise (i.e. Yamato and Kita-Yamato Banks) where numberous specimens of off-shore populations were available from a wide depth range.
After measuring the dorsal mantle length, mature conditions were determined by the presence of sperm reservoirs embedded onto the inner wall of the mantle of females and the occurrence of functional spermatophores in the seminal sacs in males, respectively. The site and number of each sperm reservoir were also recorded. Stomach contents were examined in terms of weight and constituents.
In addition, the pres ence/absence of tentacles was closely checked for selected specimens in good preservation.
Results
Depth, Size, and Maturation Figure 1 shows bathymetric series of mantle length frequency distributions for three discrete depth zones.5) In all zones females were larger than males and size compositions were clearly different between the shallower two and the deepest zones. The deepest group was composed of distinctly larger males and females (13-29cm ML). Most of them were sexually mature specimens. Active reproduction even in June at great depths such as 1010-1100m was confirmed, while the deepest trawl at 1225m yielded only small numbers of gravid individuals. From this observation, the biological minimum size was estimated to be as small as 13cm ML in males irrespective of depth, but that in females decreased from 21cm to 15cm ML with increasing depth. (After Okiyama, in press).
Occurrence of Eight-armed Specimen Eight-armed specimens which had lost both tentacles were frequently observed in the col lections. Except for tentacles, normal and eigh-t armed specimens (Fig. 2a, b ) differed little for either sex. Weak-looking tentacles in this normal specimen are noteworthy.
Eight-armed speci mens usually bore short fleshy remnants of ten -tacles with smooth and nearly rounded tips (Fig. 2c, d ). Among many specimens examined was a single individual with nine arms, which had lost only the left tentacle.
In females, copulation was indicated by a cluster of sperm reservoirs embedded inside the mantle cavity near the gills (Fig. 2e) . The fre quency of clusters examined for 64 specimens with eight arms were as follows: 1 cluster in 52 specimens (81.3%), 2 in 11 (17.2%) and 3 in 1 (1.6%). These clusters were attached equally on both sides, except for a single specimen which had two clusters only on the right side. An individual with three clusters had two on the left and one on the right side. In males, however, no direct evidence of copulation was available. Instead, fully formed spermatophores were used as an approximate criterion of copulation. Bathy metrical series of size frequencies with maturity conditions and occurrences of eight-armed speci mens are shown in Fig 3. Close association between full maturation and/or copulation and occurrences of eight-armed specimens is evident for both sexes.
Food and Feeding
A total of 219 squids (76-282mm ML) were examined for stomach contents without sexual discrimination.
Feeding conditions were sim ilarly poor for both mature and immature speci mens (Table 1) . Squids with empty stomachs predominated throughout the three depth zones, accounting for 60.4-83.7%.
Although the in termediate depth group showed the highest feed ing ratio coupled with the most diverse composi tions of diets, amounts of food appeared to be similar in all groups. Of stomach contents including major taxa of invertebrates, species compositions of each taxon were quite poor, often being represented by a single dominant species, such as Bathrocara hollandi (fish), Argis sp.? (decapod), Meterythrops microphthalma (mysid), Themisto japonica (amphipod), Para euchata japonica (copepod), and Berryteuthis magister (squid). Of 16 squids that ate more than 1g, only two (282 and 210mm ML) ex ceeded 10g (25 and 14g), both being ascribed to cannibalism. Despite the limitation of the present materials to daytime collection, feeding conditions are considered to have been extremely poor. is, though not peculiar, distinctly common to the off-shore populations in the Sea of Japan. There is a clear indication that full maturation is closely associated with the loss of tentacles. Fur thermore, the fact that both tentacles are similarly lost in both sexes suggests the relevance of mating behavior to this remarkable deformity. Although little is known of the reproductive behavior of B. magister, some features such as distribution patterns of clusters of sperm reser voirs and numbers of spermatophores in each cluster in females, together with numbers of spermatophores in mature males, provide some clues to reveal their reproductive behavior. From the site of attachment of sperm reservoirs deep in the mantle cavity (Fig. 2e) , elaborated mating behavior can be expected. Perhaps tentacles are a powerful and indispensable tool to ensure close contact. A predominance of females with a single cluster in the off-shore popupations coincide a with the suggestion that males attach all spermatophors in a single copula tion.3) On the other hand, for females with two or three clusters, several explanations may be possible. However, if both tentacles are lost principally in a single copulation, males are obliged to attach these clusters on the first occa sion. Well-regulated partitioning of these clus ters on both sides may be good evidence sugges ting a single copulation.
Although the presence of the typical eight-armed genus (Gonatopsis) in this family looks like a contradiction to this speculation, difierences between typical and atypical conditions should be taken into consideration.
The mating behav ior of Gonatopsis was not always able to tell the possible functions of tentacles in a similar situa tion as with Berryteuthis, because the tentacles of Gonatopsis became detached at a very early juvenile stage. 7) It is well known that ommastrephid squids such as Todarodes pacificus and Ommastrephes bartrami can survive after being injured on their tentacles in a jigging failure, so that loss of tentacles on full maturation may not be such a serious matter for B. magister, either. A sharp contrast between well-nourished coastal and the ill-nourish ed off-shore populations, owing to the expenditure of sufficient energy for reproduction irrespecive of trophic conditions, may also be the most critical issue in discussing the origin of this "eight-armed specimen", because the weak-looking tentacles (Fig. 2a) of the latter surely have little resistance to physical and/or physiological stresses during mating behaviour.
In the family Gonatidae, eight-armed speci mens have been known to occur in various ways such as a normal ontogeny in Gonatopsis ,7-8) a spent or prespawning morphology in female Gonatus sp.,9-10) and a facultative deformity associated with full maturation in B . magister. Another example possibly referable to this last case has been described for Gonatopsis (G.) okutanii Nesis8, 11, 12) which was diagnosed by the presence of short remnants of tentacular stalks in adults. As suggested by Nesis, 8) this species should be moved to the genus Gonatus. The unusual phenomenon discussed in this paper is thus not specific to B. magister but is likely to be shared by other gonatid genera. On the other hand, its probable association with particular subspecies of B. magister, i.e. B. m. magister or B. m. nipponensis (Okutani and Kuboderala13), remained to be solved, but specimens shown in Fig. 2a . b are superficially rather close to the latter.
These diverse patterns of tentacle behavior in the family Gonatidae are quite remarkable, probably reflecting an aspect of pronounced adaptability of this boreally most prosperous group of squids with broad ecological types.14) Thus it may be concluded that the primary cause of this unusal phenomenon is the physical stress in copulation associated with the ill-nourish ed and/or degenerative conditions in mature squids, although the possibility of phylogenetic association of the family cannot be excluded.
